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(54)    Rotation-type decoupled microelectromechanical (MEMS) gyroscope 

(57) A rotation-type decoupled MEMS gyroscope in- 
cluding a drive body (10) movable about the X-axis, a 
sensing body (30) movable about the Z-axis, a medium 
body (20) moving together with the drive body about the 
X-axis and the sensing body about the Z-axis. The drive 
body is fixed on a substrate (100) by a first torsion spring 
(51) torsion-deformed about the X-axis, and the medium 
body is connected to the drive body by a first bending 
spring (61) bending-deformed about the Z-axis. The 
sensing body is connected to the medium body by a sec- 
ond torsion spring (52) tors ion-deformed about the X- 
axis and fixed to the substrate by a second bending 
spring (62) bending-deformed about the Z-axis. If angu- 
lar velocity is applied relative to the Y-axis while the drive 
body vibrates in a certain range about the X-axis by a 
driving electrode (110), the sensing body rotates about 
the Z-axis by the Coriolis force and a sensing electrode 
(130) senses the rotation. 

FIG. 1 

Printed by Jouvc, 75001 PARIS (PR) 

RNSOOCIO: <EP 1335187A1J_> 



EP 1 335 187 A1 

Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to a MEMS gyroscope. More particularly, the present invention relates to a 
rotation-type decoupled MEMS gyroscope that allows mutually independent motion of a drive body and a sensing body. 

10    2. Description of the Related Art > 

[0002] Micro Electro Mechanical System (MEMS) is a technology embodying the fabrication of mechanical and elec- 
trical elements using semiconductor processing. A gyroscope for measuring angular velocity is an example of a device 
that may incorporate MEMS technology. A gyroscope is able to measure an angular velocity by measuring the Coriolis 

15    force that occurs when an angular velocity is applied to an object moving'at a certain velocity. The Coriolis force is 
proportional to the cross product of the moving velocity and the angular velocity due to an external force. In order for 
the gyroscope to generate and sense the Coriolis force, the gyroscope has a mass body vibrating therein. 
[0003]  FIG. 1 illustrates a view for schematically viewing a MEMS gyroscope, in particular, a rotation-type gyroscope. 
A driving direction (A), an input direction (H), and a sensing direction (S) are set in space in directions perpendicular 

20 to one another. Generally, in a gyroscope using MEMS technology, three coordinate axes are established. The first 
two axes, an X-axis and a Y-axis are parallel to a surface of the substrate and perpendicular to each other. The third 
axis, a Z-axis, is normal to the surface of the substrate. In FIG. 1, the driving direction (A) is set in the direction of the 
X-axis direction, the input direction (£2) is set in the direction of the Y-axis, and the sensing direction (S) is set in the 
direction of the Z-axis. 

25 [0004] The mass body ("body") is rotatably mounted about the X-axis, and is driven to move about the X-axis by a 
driving electrode (not shown). If an angular velocity is applied in the rotation direction about the Y-axis while the body 
moves, the Coriolis force in the rotation direction about the Z-axis is applied. When the force causes the body to rotate 
in the Z-axis, a sensing electrode (not shown) measures a displacement rotated, so the magnitude of the angular 
velocity may be calculated. 

30 [0005] FIG, 1 shows, for the-convenience of the following description, an example in which one body carries out all 
of the functions of the drive body, driven by the driving electrode, the sensing body, moving by the Coriolis force, and 
the sensing by the sensing electrode. Recently, the drive body and the sensing body have been manufactured sepa- 
rately, thus resulting in a gyroscope called a decoupled gyroscope. An advantage of a decoupled gyroscope is that it 
avoids a problem of driving the drive body using resonance while moving the sensing body nearly at a resonance 

35    frequency of the driving body. 
[0006] Some conventional decoupled gyroscopes, however, may have only the drive body in a decoupled structure 
or only the sensing body in the decoupled structure, rather than completely separating the drive body and the sensing 
body. In a case where only the drive body is in the decoupled structure, the drive body performs only the driven motions 
and the sensing body performs all of the driven motions and the sensed motions. Accordingly, a problem occurs in that 

40    the sensed motions of the sensing body appear together with the driven motions. 
[0007] On the contrary, in a case where only the sensing body is in the decoupled structure, the drive body performs 
all the driven motions and the sensed motions and the sensing body performs only the sensed motions. Accordingly, 
a problem occurs in that thejdriven motions of the drive body may affect a direction in which the Coriolis force is applied. 
[0008]  Some conventional gyroscopes are able to measure only the angular velocity inputted about the Z-axis being 

45 normal to the substrate, which causes a problem in that a two-axis angular velocity is not able to be measured on one 
plane. Accordingly, in a case of manufacturing a gyroscope for sensing a multi-axis angular velocity, an additional 
assembly process for vertically arranging devices is required. 
[0009] In order to measure an input angular velocity relative to the axes of the horizontal directions, i.e., the X-axis 
or the Y-axis, the driving electrode must be equipped for vertically driving the body or the sensing electrode must be 

so equipped for sensing a vertical displacement of the body. In order to manufacture the driving electrode or the sensing 
electrode having the above-described vertical direction, a fixed electrode, which is fixed to the substrate, and a moving 
electrode, which is spaced apart from the fixed electrode and positioned at an upper portion of the fixed electrode, 
have been previously manufactured. In a case where such an electrode is used as a driving electrode, the moving 
electrode is driven by applying a varying voltage between the moving electrode and the fixed electrode. In-a case 

55    where such an electrode is used as a sensing electrode, an angular velocity is measured by sensing an electrostatic 
force varying with respect to a distance between the fixed electrode and the moving electrode. 
[0010]  An electrode having a structure as described above has a drawback in the difficulty of the manufacture thereof 
since the moving electrode is positioned at an upper.portion of the fixed electrode. Consequently, the moving electrode 
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is first formed to have a stacked structure on the upper portion of the fixed electrode. That is, in order to manufacture 
the aforementioned electrode, a multi-step process must be performed. First, the fixed electrode is formed on the 
substrate Then, a sacrificial layer is deposited on the fixed electrode. Subsequently, the moving electrode is formed 
on the sacrificial layer, and then the sacrificial layer is removed. As mentioned above, several process steps must be 

5     performed to form a moving electrode floating over a fixed electrode. 
[00111 Further in order to measure precisely a displacement of the moving electrode in a vertical direction, a distance 
between the moving electrode and the fixed electrode should be small. Accordingly: a problem exists in that an adher- 
ence phenomenon may occur between the moving electrode and the fixed electrode. 
[00121   Referring back to FIG. 1. there is shown a gyroscope for sensing an angular velocity applied to one arbitrary 

w    axis existing on a surface of a substrate. In this example, the drive body moves relative to one arbitrary axis of the 
substrate, for example, the X-axis, using a levitation force, so that a sensing motion rotating about the Z-axis normal 
to the surface of the substrate is generated. 
[0013]   However, such a gyroscope has a problem in that space consumption increases due to a ring-type structure 
and a circular arrangement of electrodes for rotational motions. Accordingly, in a case of manufacturing a plurality of 

15    gyroscopes on a single wafer, wasted space occurs where parts for gyroscopes are not mounted, thereby decreasing 
the number of gyroscopes to be manufactured on a unit area wafer 
[0014] Further, such a conventionalgyroscope has a structure wherein the sensing electrodes for sensing the rotation 
of the sensing body are arranged in a radial direction, which creates a problem in that a distance between the moving 
electrode and the fixed electrode increases. Since the distance between the moving electrode and the fixed eleclrode 

20 inside the sensing electrode must be small as well as uniform,for precise sensing, the increase in the distance between 
the moving electrode and the fixed electrode causes a deterioration in sensing performance. 

SUMMARY OF THE INVENTION 

25    [0015]   It is a feature of an embodiment of the present invention to provide a rotation-type MEMS gyroscope capable 
of enhancing sensing of an angular velocity and having both the drive body and the sensing body having a decoupled 
structure. *. « 
[0016]   It is another feature of an embodiment of the present invention to provide a rotation-type MEMS gyroscope 
being easily driven in a vertical direction, having a simplified manufacture process, and requiring decreased space 

30    consumption.. - hJr-»a^ 
[0017] it is yet another feature of an embodiment of Represent invention to provide a rotation-type M EMS gyroscope 
with an enhanced sensing performance of the sensing electrode and having a uniform distance between the moving 
electrode and the fixed electrode of the sensing electrode. 
[0018] In order to provide the above features, a MEMS gyroscope according to an embodiment of the present m- 

35 vention includes a drive body disposed on a substrate to be movable about a first axis, the first axis being a rotation 
axis line parallel to a surface of the substrate; a sensing body disposed on the substrate to be movable about a second 
axis the second axis being a rotation axis line normal to the surface of the substrate; a medium body disposed on the 
substrate, the medium body being capable of moving together with the drive body about the first axis and moving 
together with the sensing body about the second axis; a driving electrode for driving the drive body in order for the 

40 drive body to vibrate in a certain range about the first axis; and a sensing electrode for measuring a displacement of 
the sensing body rotating about the second axis by a Corioiis force generated by an application of an angular velocity 
while the drive body vibrates by the driving electrode. 
[0019] Preferably, the MEMS gyroscope according to an embodiment of the present Invention further includes a first 
torsion spring for fixing the drive body to the substrate, the first torsion spring being torsion-deformed in order for the 

45 drive body to rotate relative to the substrate about the first axis; a first bending spring for fixing the medium body to 
the drive body, the first bending spring being bending-deformed in order for the medium body to rotate relative to the 
drive body about the second axis; a second torsion spring for fixing the medium body to the sensing body, the second 
torsion spring being torsion-deformed in order for the medium body to rotate relative to the sensing body about the 
first axis; and a second bending spring for fixing the sensing body to the substrate, the second bending spring being 

50    bending-deformed in order for the sensing body to rotate relative to the substrate about the second axis. 
[0020]   Preferably, at least either the first torsion spring or the second torsion spring includes a pair of plate-shaped 
beams disposed parallel to each other; and a plurality of connection parts connecting the beams. ■ 
[0021 ]   Also preferably, the second torsion spring includes a first beam for being torsion-deformed with respect to the 
first axis; and a second beam vertically connected to both ends of the first beam, for being torsion-deformed with 

55 respect to a third axis, the third axis being a rotation axis parallel to the surface of the substrate and perpendicular to 
the first axis. m . 
[0022] Preferably, at least either of the first bending spring or the second bending spring includes a plurality of plate- 
shaped beams fixed to one another at a portion thereof. 
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10 

r00231 Preferably the driving electrode is formed in a comb structure and includes a fixed electrode having a plurality 
of fixing walls vertically disposed on the substrate, formed in parallel to one another, and fixed to the substrate;, and a 
movino electrode disposed between two of the plurality of fixing walls, having a plurality of moving walls having a height 
less than a height of the plurality of fixing walls from the substrate, the moving electrode being connected to the drive 

fo00241 The sensing electrode preferably includes a fixed electrode connected to the substrate and having zigzag- 
shaped sides; and a moving electrode connected to the sensing body and having a zigzag shape corresponding to 
the shaDe of the sides of the fixed electrode. 
r00251 Preferably the drive body and the medium body have a substantially rectangular frame shape and the sensing 
body has a ring shape. Also preferably, the medium body is disposed in a space inside the drive body, and the sensing 
body is disposed in a space inside the medium body. 
r00261 A plurality of etching holes may be formed in the drive body, medium body, and sens.ng body. The hxed 
electrode of the sensing electrode, the first torsion spring, and the first bending spring may be connected by a common 
electrode pad and may be electrically grounded. _ 

>5 ro0271 According to an embodiment of the present invention, the medium body moves but the sensing body remains 
motionless while the drive body moves, and the sensing body rotates if the medium body rotates when the Conolis 
force occurs. Accordingly, both the drive body, and the sensing body have a decoupled structure, thereby enhancing 
the angular sensing performance of the gyroscope'. 

20    BRIEF DESCRIPTION OF THE DRAWINGS 

r00281 The above and other features and advantages of the present invention will become readily apparent to those 
of ordinary skill in the art by the following detailed description of preferred embodiments thereof with reference to the 
attached drawings in which: 

FIG 1 illustrates a view schematically showing an example of a conventional rotation-type MEMS gyroscope; 
FIG. 2 illustrates a view showing a rotation-type MEMS gyroscope according to a preferred embodiment of the 
present invention; 
FIG. 3 illustrates a cross-sectional view of FIG. 2 taken along section line Ill-Ill; 

30         FIG. 4 illustrates the elements of FIG. 2 that are floating over the substrate; 
.   .        FIG. 5A illustrates an enlarged perspective view of a first torsion spring; 

FIG 5B illustrates an enlarged perspective view of a second torsion spring; 
FIGS 6A and 6B illustrate a perspective view and a top view, respectively, of a first bending spring; 
FIGs! 7A and 7B illustrate a perspective view and a top view, respectively, of a second bending spring; 

35         FIG 8A illustrates a perspective view showing a structure of a driving electrode; 
FIG. 8B illustrates a cross-sectional view showing a portion of FIG. 8A, taken along line A-A of FIG. 8A; 
FIGS 9A to 9C illustrate views showing a structure of a sensing electrode; 
FIG 10 illustrates a view showing how voltage is applied to the rotation-type MEMS gyroscope shown in FIG^2; 
FIG' 11 illustrates a schematic side view for partially showing FIG. 2 that shows a drive body-driven state; and 
FIG'. 12 illustrates a view showing a MEMS gyroscope according to an embodiment of the present invention in a 
state of being deformed by the Coriolis force. 

40 

DETAILED DESCRIPTION OF THE INVENTION 

43    [0029]  Korean Patent Application No. 2002-07244, filed February 8, 2002, and entitled: "Rotation-Type Decoupled 
MEMS Gyroscope," is incorporated by reference herein In its entirety. 
r00301   Hereinafter the present invention will be described in more detail with reference to the accompanying draw- 
ings In the description below, the horizontal direction parallel to the surface of the substrate is called the X-axis, the 
direction parallel to the surface of the substrate and perpendicular to the X-axis is called the Y-axis, and the direction 

so    normal to the surface of the substrate is called.the Z-axis. . 
r0031l FIG 2 illustrates a view showing a MEMS gyroscope according to a preferred embodiment of the present 
invention. FIG. 3 illustrates a cross-sectional view of FIG. 2 taken along section line Ill-Ill. FIG. 4 illustrates the elements 
of FIG. 2 that are floating over the substrate. 
r0032]  A rotation-type MEMS gyroscope according to the present invention has a dnve body 10 disposed on a sub- 

55    strate 100 a driving electrode 110 for driving the drive body 10. a drive-sensing electrode 120 for sensing a dnve state 
' of the drive body 10 a medium body 20 disposed inside the drive body 10. a sensing body 30 disposed ins.de the 

medium body 20 and a rotation-sensing electrode 130 for sensing a displacement of the sensing body 30. An insulation 
layer (100a of FIG 3) is formed on the substrate 100. The drive body 10, medium body 20. and sensing body 30 are 
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formed to float over a top of the insulation layer 100a. 
[00331 Forming the drive body 10, the medium body 20 and the sensing body 30 in a floating state over the top of 
the insulation layer 100a requires a multi-step process. First, a sacrificial layer is formed over the top of the insulation 
layer 100a Next a layer on which the drive body 10, the medium body 20 and the sensing body 30 are to be formed 
is formed on the sacrificial layer, Then, the sacrificial layer is removed through etching. At this time, in order to effectively 
remove the sacrificial layer beneath the drive body 10, the medium body 20 and the sensing body 30 using an etching 
solution so that the drive body 10, the medium body 20 and the sensing body 30 float over the top of the insulation 
layer 100a a plurality of etching holes 40 are formed in the drive body 10, the medium body 20 and the sensing body 30. 
[00341 The drive body 10 has a substantially rectangular frame shape. A pair of fixing parts 12 for fixing the drive 
body 10 is formed on the substrate 100 and outside the drive body 10. The drive body 10 is connected to each of the 
fixing parts 12 by a pair of first torsion springs 51. 
[00351 Each of the pair of first torsion springs 51, as shown in FIG: 5A, has a pair of parallel beams 51a and 51b. 
Each of the beams 51a and 51b are plate-shaped and are disposed on the substrate 100 in the normal direction. The 
beams 51a and 51b are connected to each other by a plurality of connection parts 51c. Therefore, the first torsion 
springs 51 each substantially have a shape of a vertically punched block. With such a structure, the first torsion springs 
51 easily deform in torsion directions, but do not easily bend along their plate surface directions. Therefore, a ratio of 
bend strength to torsion strength increases as compared to a structure manufactured in a simple beam shape. 
[0036] The first torsion springs 51 each having the structure shown in FIGS. 2 and 4 are disposed in the X-axis 
direction. Therefore, the drive body 10 is able to move relative to the substrate 100 about the X-axis and is fixed relative 

20    to the substrate 100 in the direction rotating about the Z-axis. 
[0037] The medium body 20 has a substantially rectangular frame shape, and is disposed in a space inside the drive 
body 10 The drive body 10 and the medium body 20 are connected to each other by a pair of first bending springs 61. 
[0038] Each of the pair of first bending springs 61, as shown in FIGS. 6A and 6B, are formed of three plate-shaped 
beams 61a, 61b, and 61c, a portion of each being connected to one another. A centra! beam 61c of the beams 61a, 

25 61b and 61c is fixed to the drive body 10. Two side beams 61a and 61b are connected to the medium body 20. The 
beams 61 a 61b, and 61c are aligned with the Y-axis. With such a structure, the beams 61a, 61b, and 61c are bent by 
an external force applied in a rotational direction about the Z-axis. Therefore, by the first bending springs 61, the 
medium body 20 is rotatable relative to the drive body 10 about the Z-axis, and rotates together with the drive body 
10 as the drive body 10 rotates about the X-axis. 

30 [0039] The sensing body 30 has a ring shape. On a central part of the substrate 100 is formed a circular fixing part 
32 for fixing the sensing body 30. The sensing body 30 is disposed around the outer periphery of the circular fixing 
part 32 to surround the circular fixing part 32. The outer periphery of the fixing part 32 is recessed to form a space in 
which second bending springs 62 are mounted. The second bending springs 62 connect the circular fixing part 32 and 
the sensing body 30. . . 

35 [0040] The second bending springs 62 have structures similar to the first bending springs 61. That is, as shown in 
FIGS 7A and 7B, each of the second bending springs 62 have three plate-shaped beams 62a, 62b, and 62c, a portion 
of each being connected to another. The central beam 62c is connected to the sensing body 30. The side beams 62a 
and 62b are fixed to the fixing part 32. At this time, unlike FIGS. 6A and 6B, the side beams 62a and 62b are disposed 
at a certain angle not to be in parallel to one another but to form a rough circle. Such a structure comes from the 

40 consideration of rotations of the sensing body 30. The beams 62a, 62b, and 62c are disposed in a stand-up state on 
the substrate 100. With such a structure, the beams 62a, 62b, and 62c are bent by an external force applied in a 
rotation direction about the Z-axis. Therefore, by the second bending springs 62, the sensing body 30 becomes rotatable 
relative to the fixing part 32 about the Z-axis. 
[0041]   For a smooth elastic movement of the medium body 20 that simultaneously rotates about the X-axis and the 

45    z-axis a second torsion spring 52 has a combined structure of beams as shown in FIG. 5B, to cause a X-axis torsion 
and a Y-axis torsion simultaneously, where the beams for causing the Y-axis torsion are disposed at both ends of the 
beam'for causing the X-axis torsion. 
[0042]   The driving electrode 110 is installed at sides of the drive body 10 in the direction of the Y-axis and is disposed 
on the same plane as the drive body 10. The driving electrode 110 is constructed with a fixed electrode 110a and a 

so    moving electrode 110b connected to each other in a comb structure. A drive terminal 115 for applying a voltage to the 
driving electrode 110 is formed on the substrate 100. 
[0043]   The fixed electrode 110a, as shown in FIGS. 8A and 8B, has a plurality of plate-shaped fixing walls fixed on 
the substrate 100. FIG. 8B illustrates a cross-sectional view taken at line A-A of FIG. 8A. The fixing walls are parallel 
and vertically disposed on the substrate 100. The moving electrode 110b has a plate-shaped moving wall connected 

55    to the drive body 10. Each moving wall is disposed in a space between the fixing walls. 
[0044] Preferably, a height of the moving wall from the substrate 100 is less than a height of the fixing wall, and a 
lower portion of the moving wall is spaced apart from the substrate 100 by a predetermined distance. Accordingly, the 
moving electrode 110b becomes movable in the direction of the Z-axis on the substrate 100. As shown In FIG. 8A, 
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etching holes are formed in the direction of the Z-axis. Further, a space between the moving electrode 110b and the 
fixed electrode 110a also acts as an etching hole. A width d, of the etching hole formed in the moving electrode 110b 
is smaller than a width d2 between the moving electrode 110b and the fixed electrode 110a. The difference between 
d1 and d2 causes a difference of etching solution supplied through the etching holes so that the structures as shown 

5 in FIGS. 8A and 8B are formed in which the moving electrode 110b ftoats to be movable in the direction of the Z-axis 
on the substrate 100. 
[0045] The drive-sensing electrode 120 is installed at sides of the drive body 10 in the direction of the X-axis. The 
drive-sensing electrode 120 is constructed with a fixed electrode 120a and a moving electrode 120b. The fixed electrode 
120a is fixed on the substrate 100, and the moving electrode 120b is connected to the drive body 10. If the drive body 

w 10 rotates about the X-axis, an interval between the moving electrode 120b and the fixed electrode 120a varies. On 
the substrate 100 is formed a drive-sensing terminal 125 to which a device is connected for sensing an electrostatic 
force varying with the changes of such an interval. 
[0046] The driving electrode 110 and the drive-sensing electrode 120 are disposed along most of the outer sides of 
the drive body 10 having a rectangular frame shape. The drive terminal 115 and the drive-sensing terminal 125 are 

15 disposed at outer sides of the driving electrode 110 and the drive-sensing electrode 120 so that a gyroscope has an 
entirely rectangular shape. Therefore, in a case of manufacturing a plurality of gyroscopes on a single wafer, many 
gyroscopes may be manufactured without wasting space between gyroscopes. 
[0047] The rotation-sensing electrode 130 is mounted in a space inside the medium body 20. The rotation-sensing 
electrode 130 has a fixed electrode 130a and a moving eleclrode 130b connected to each other in a comb structure, 

20 similarto the driving electrode 110. The fixed electrode 130a is connected to the substrate 100, and the moving electrode 
130b is connected to the sensing body 30. On the inner space of the medium body 20, which is the central portion of 
the substrate 100, are formed rotation-sensing terminals 135 to which a device is connected for sensing an electrostatic 
force that varies with changes in a potential of the rotation-sensing electrode 130. 
[0048] The sensing body 30 has a vertical beam 30a that extends in the direction of the Y-axis on the substrate 100 

25 and a plurality of horizontal beams 30b that extend in the direction of the X-axis. The moving electrode 130b is connected 
to the horizontal beams 30b. With this arrangement of the horizontal beams 30, the sensing body 30 may be formed 
in nearly all of the space inside the medium body 30 of a rectangular frame shape, so all of the area of the substrate 
100 may be effectively utilized without wasting space on the substrate 100. 
[0049] The fixed electrode 130a has a substantially zigzag-shaped side. The moving electrode 130b has a shape 

" 30 corresponding to thezigzag-shapedside of the fixed electrode 130a. The mutual connection structure of such a zigzag- 
shape prevents a distance between the moving electrode 130b and the fixed electrode 130a from increasing at points 
increasingly farther out in a radial direction from the center of the sensing body 30 as the sensing body 30 rotates. 
[0050] FIGS. 9A to 9C illustrate various examples of a zigzag shape for use in the above-described sensing electrode 
130. 

35 [0051] The moving electrode 130b is disposed to maintain a predetermined distance from the fixed electrode 130a. 
This predetermined distance varies when the moving electrode 130b moves closer to or farther away from the fixed 
electrode 130a. At this time, although the distance between the fixed electrode 130a and the moving electrode 130b 
becomes smaller or larger as the moving electrode 130b moves, the distance between the moving electrode 130b and 
the fixed electrode 130a is substantially uniform at each respective point along the sides of the moving electrode 130b 

40 and the fixed electrode 130a for the entire length of the respective sides. For this, the mutually contacting sides of the 
fixed electrode 130a and the moving electrode 130b are disposed along a curve spaced apart in a predetermined 
curvature relative to a radial direction of the rotation-sensing electrode 130. Therefore, the space between the moving 
electrode 130b and the fixed electrode 130a does not increase at points along the sides of the moving electrode 130b 
and the fixed electrode 130a that are increasingly farther away from the center of the sensing body 30 as the sensing 

45    body rotates. 
[0052] When a tangential angle at a portion at which the fixed electrode 130a and the moving electrode 130b are 
tangential is defined as 6, the angle 0 may be defined by equation 1 below: 

wherein y denotes a distance from the rotation center of the rotation-sensing electrode 130 to a position at which the 
55 tangential angle 6 is obtained, g denotes a minimum distance capable of being manufactured between the fixed elec- 

trode 130a and the moving electrode 130b, and y denotes an angle between the fixed electrode 130a and the moving 
electrode 130b. Further, when r, denotes the radius from the rotation center of the rotation-sensing electrode 130 to 
the innermost side of the fixed electrode 130a and the moving electrode 130b, and r denotes an electrode position 

50 
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radius from the rotation center of the rotation-sensing electrode 130 to a position at which the tangential angle G is 
obtained, an electrode position angle <(>, which is an angle formed by a straight line in the r, direction from the rotation 
center and a straight line in the r direction from the rotation center, may be defined by equation 2 below; 

5 ♦ 

4>« f tan-dr - (2) 
*i r 

10    [0053]   Additionally, in FIG. 9A, r0 denotes a radius from the rotation center of the rotation-sensing electrode 130 to 
the outermost side of the fixed electrode 130a and the moving electrode 130b. 
[0054] By forming the mutually opposite sides of the moving electrode 130b and the fixed electrode 130a to have 
the above tangential angle 6, a distance between the moving electrode 130b and the fixed electrode 130a is evenly 
maintained when the moving electrode 130b becomes closer to or is spaced farther apart from the fixed electrode 130a. 

is [0055] Hereinafter, operation of a MEMS gyroscope having the above structure according to an embodiment of the 
present invention will be described. 
[0056] As shown in FIG. 10, a time-varying voltage is applied to the driving electrode 110 from a drive voltage supply 
215 connected to the drive terminals 115. It is desirable to match the frequency of the voltage applied to the driving 
electrode 110 with a natural frequency of the drive body 10 in order to maximize a drive force and to increase a drive 

20 efficiency. Further, it is desirable to design the sensing motion of the sensing body 30 to be generated at a frequency 
similar to the natural frequency of the drive body 10. 
[0057] When considering a manufacturing tolerance, in order for the sensing body 30 to perform the sensing motion 
thereof at a value near the natural frequency of the.drive body 10, it is desirable to decreasingly regulate the frequency 
of the sensing motion by applying a tuning voltage between the fixed electrode 130a and the moving electrode 130b 

25 of the rotation-sensing electrode 130. Simultaneously, it is desirable to use the tuning voltage as a voltage for measuring 
the variation of the capacitance of the rotation-sensing electrode 130 upon the sensing motion of the sensing body 30. 
[0058] A drive-sensing device 225 and a rotation-sensing device 235 are connected to the drive-sensing terminals 
125 of the drive-sensing electrode 120 and the rotation-sensing terminals 135 of the rotation-sensing electrode 130 
respectively. The drive-sensing device 225 and the rotation-sensing device 235 sense the variations of the electrostatic 

30    forces between the respective fixed electrodes 120a and 130a and moving electrodes 120b and 130b. 
[0059] The fixed electrode 120a of the drive-sensing electrode .120, the fixed electrode 130a of the rotation-sensing 
electrode 130, the first torsion springs 51, the first bending springs 61, and the fixing parts 12 are connected by a 
common electrode pad and are electrically grounded. 
[0060] Referring now to FIG. 11, if a voltage is applied to the driving electrode 110, the drive body 10 rotates about 

35 the X-axis by an electrostatic force generated by the driving electrode 110. The rotation direction of the drive body 10 
varies according to the polarity changes of the voltage applied to the driving electrode 110. Accordingly, the drive body 
10 rotates about the X-axis. The drive body 10 is able to move about the X-axis since the drive body 10 is fixed to the 
fixing part 12 by the first torsion springs 51. Further, since the medium body 20 is fixed relative to the drive body 10 in 
the Z-axis by the first bending springs 61, the medium body 20 rotates about the X-axis together with the drive body 10. 

40 [0061] The sensing body 30 is connected to rotate relative to the medium body 20 about the X-axis by the second 
torsion springs 52. The sensing body 30 can move only in the direction rotating about the Z-axis by the second bending 
springs 62, so the sensing body 30 is maintained in a stationary state while the medium body 20 moves together with 
the drive body 10. 
[0062]  The drive-sensing device 225 connected to the drive-sensing electrode 120 measures a displacement rotated 

45    about the X-axis of the drive body 10, and a measured value is provided to a controller (not shown). The controller 
controls an electric field applied to the driving electrode 110 in order for the drive body 10 to effectively vibrate about 
the X-axis based on the measured value of the drive-sensing device 225. 
[0063] if an angular velocity of the direction rotating about the Y-axis is applied to the gyroscope while the drive body 
10 and the medium body 20 are vibrating, a Coriolis force is applied to the drive body 10 and the medium body 20 in 

so the direction rotating about the Z-axis. The drive body 10 is fixed to the substrate 100 in the direction rotating about 
the Z-axis by the first torsion springs 51, and the medium body 20 can rotate relative to the drive body 10 about the Z- 
axis by the first bending springs 61. Therefore, if the Coriolis.force is applied, the medium body 20 rotates about the 
Z-axis as shown in FIG. 12. 
[0064] If the medium body 20 rotates, the sensing body 30 rotates together with the medium body 20, as shown in 

55 FIG. 12, since the medium body 20 and the sensing body 30 are connected by the second torsion springs 52 deformed 
in a torsion direction. At this time, a distance between the fixed electrode 130a and the moving electrode 130b inside 
the rotation-sensing electrode 130 varies, and, according to the distance variation, a variation of the capacitance of 
the rotation-sensing electrode 130 is generated. The rotation-sensing device 235 measures the variation of the capac- 
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itance, and the controller uses the variation of the capacitance of the rotation-sensing electrode 130 to calculate an 
angular velocity by an external force applied in a direction rotating about the Y-axis. 
[0065] With the present invention, when the drive body 10 moves, the medium body 20 moves, but the sensing body 
30 remains still and, when the Coriolis force is generated, the sensing body 30 rotates if the medium body 20 rotates. 
More specifically the drive body 10 moves only in a driving direction, and the sensing body 30 moves only in a sensing 
direction, so both the drive body 10 and the sensing body, 30 have a decoupled structure. Accordingly, the angular 
velocity-sensing performance of the gyroscope is enhanced. 
[0066] Further the motion about the X-axis of the drive body 10 is regulated by the driving electrode 110 having the 
fixed electrode 110a and the moving electrode 110b formed on the same plane. Accordingly, the manufacturing process 
becomes simplified since the driving electrode 110 may be manufactured together in the same process upon carrying 
out processes of manufacturing other parts inside the gyroscope. 
[0067] Further a distance between the moving electrode 130b and the fixed electrode 130a inside the rotation- 
sensing electrode 130 is constantly maintained while the moving electrode 130b moves, so the sensing performance 
of the rotation-sensing electrode 130 is enhanced. 
[0068] In addition, with the present invention, the drive body 10, medium body 20; and the like are disposed in a 
rectangular frame shape and the respective electrodes are disposed at outer sides thereof, so the entire shape of the 
gyroscope is formed in a rectangle. Accordingly, wasted space between gyroscopes is avoided during the manufacture 
of a plurality of gyroscopes on a single wafer, thereby enhancing the space efficiency of a wafer. 
[0069] Furthermore, if the gyroscope of the present invention is disposed in a rotation of 90° with respect to the Z- 
axis an input angular velocity may be measured in a direction rotating about the X-axis, so that two-axis gyroscopes 
may be manufactured using the same mask on the same substrate using the same method. Additionally, two-axis 
gyroscopes having advantages of the same sensitivity, same signal processing parts, same chip size, and other sim- 
ilarities may be manufactured. In addition, in a case where such gyroscopes are manufactured together with a gyro- 
scope sensing an input angular velocity with respect to the vertical direction, three-axis gyroscopes may be manufac- 

[0070] A preferred embodiment of the present invention has been disclosed herein and, although specific terms are 
employed they are used and are to be interpreted in a generic and descriptive sense only and not for purpose of 
limitation Accordingly, it will be understood by those of ordinary skill in the art that various changes in form and details 
may be made without departing from the spirit and scope of the present invention as set forth in the following claims. 
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Claims 

1. A MEMS gyroscope, comprising: 

a drive body disposed on a substrate to be movable about a first axis, the first axis being a rotation axis line 
parallel to a surface of the substrate; 
a sensing body disposed on the substrate to be movable about a second axis: the second axis being a rotation 
axis line normal to the surface of the substrate; 
a medium body disposed on the substrate, the medium body being capable of moving together with the drive 
body about the first axis and moving together with the sensing body about the second axis; 
a driving electrode for driving the drive body in order for the drive body to vibrate in a certain range about the 
first axis; and . 
a sensing electrode for measuring a displacement of the sensing body rotating about the second axis by a 
Coriolis force generated by an application of an angular velocity while the drive body vibrates by the driving 
electrode. 

2. The MEMS gyroscope as claimed in claim 1, further comprising: 

so a first torsion spring for fixing the drive body to the substrate, the first torsion spring being torsion-deformed 
in order for the drive body to rotate relative to the substrate about the first axis; 
a first bending spring for fixing the medium body to the drive body, the.first bending spring being bendihg- 
deformed in order for the medium body to rotate relative to the drive body about the second axis; 
a second torsion spring for fixing the medium body to the sensing body, the second torsion spring being torsion- 

55 deformed in order for the medium body to rotate relative to the sensing body about the first axis; and 
a second bending spring for fixing the sensing body to the substrate; the second bending spring being bending- 
deformed in order for the sensing body to rotate relative to the substrate about the second axis. 
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The MEMS gyroscope as claimed in claim 2, wherein at least either the first torsion spring or the second torsion 
spring comprises: 

a pair of plate-shaped beams disposed parallel-to each other; and 
a plurality of connection parts connecting the beams. 

The MEMS gyroscope as claimed in claim 2, wherein the second torsion spring comprises: 

a first beam for being torsion-deformed with respect to the first axis; and 
a second beam vertically connected to both ends of the first beam, for being torsion-deformed with respect to 
a third axis, the third axis being a rotation axis parallel to the surface of the substrate and perpendicular to the 
first axis, 

The MEMS gyroscope as claimed in claim 2, wherein at least either of the first bending spring or the second 
bending spring comprises a plurality of plate-shaped beams fixed to one another at a portion thereof, 

The MEMS gyroscope as claimed in claim 1, wherein the driving electrode is formed in a comb structure. 

The MEMS gyroscope as claimed in claim 5, wherein the driving electrode comprises: 

a fixed electrode having a plurality of fixing walls vertically disposed on the substrate, formed in parallel to one 
another, and fixed to the substrate; and 
a moving electrode disposed between two of the plurality of fixing walls, having a plurality of moving walls 
having a height less than a height of the plurality of fixing walls from the substrate, the moving electrode being 
connected to the drive body. 

The MEMS gyroscope as claimed in claim 1, wherein the sensing electrode comprises: 

a fixed electrode connected to the substrate and having zigzag-shaped sides; and 
a moving electrode connected to the sensing body and having a zigzag shape corresponding to the.shape of 
the sides of the fixed electrode. . 

The MEMS gyroscope as claimed in claim 7, wherein as the moving electrode moves in relation to the fixed elec: 

trade a distance between the moving electrode and the fixed electrode varies substantially uniformly at respective 
points over an entire length of the sides of the moving electrode and the fixed electrode, such that a distance 
between respective points along the length of the sides of the moving electrode and the fixed electrode is sub- 
stantially uniform for any distance, and wherein the shape of the sides is expressed in formulae as below: 

& = cos 

<P = J tan—dr 

wherein 6 denotes a'tangential angle at a portion at which the fixed electrode and the moving electrode meet, 
r denotes a distance from a rotation center of the sensing electrode to a position at which the tangential angle 9 
is obtained, g denotes a minimum distance manufacturable between the fixed electrode and the moving electrode, 
y denotes an angle between the fixed electrode and the moving electrode, r, denotes a radius from the rotation 
center of the sensing electrode to an innermost side of the fixed electrode and the moving electrode, r denotes an 
electrode position radius from the rotation center of the sensing electrode to a position at which the tangential 
angle 6 is calculated, and * denotes an electrode position angle formed by a straight line in the r, direction from 
the rotation center of the sensing electrode and a straight line in the r direction from the rotation center of the 
sensing electrode. 
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10. The MEMS gyroscopeas claimed in claim 1, wherein the drive body and the medium body have a substantially 
rectangular frame shape. 

11. The MEMS gyroscope as claimed in claim 1, wherein the sensing body has a ring shape. 

12. The MEMS gyroscope as claimed in claim 9, wherein the medium body is disposed in a space inside the drive 
body, and the sensing body is disposed in a space inside the medium body. 

13. The MEMS gyroscope as claimed in claim 1, wherein a plurality of etching holes are formed in the drive body, 
10 ■       medium body, and sensing body. 

14. The MEMS gyroscope as claimed in claim 2, wherein the fixed electrode of the sensing electrode, the first torsion 
spring, and the first bending spring are connected by a common electrode pad and are electrically grounded. 
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FIG. 5B 
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FIG. 6B 

.61a 61c 61b, 
 y  

61 

FIG. 7A 

62 

r62a 62b 62c 

16 



EP1 335 187 A1 

FIG. 7B 
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FIG. 8B 

1TU1B7A1  I > 

18 



EP1 335 187 A1 

FIG. 9B 
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FIG. 11 
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